Regardless of origin, all water bodies situated inside forests form a unique habitat for many freshwater animals due to the allochthonous detritus covering the bottom, composed mostly of leaves from waterside trees. For many years these woodland ponds have been considered to be advantageous to regional biodiversity. Investigations were carried out in eight anthropogenic woodland ponds, formed as a consequence of coal mining activities, situated in forest complexes in Upper Silesia (Southern Poland), to evaluate the impact of allochthonic and autochthonic plant detritus on the formation of zoobenthic communities, together with insolation intensity. In sites covered by a layer of allochthonic plant matter, zoobenthos were more abundant compared to places covered by autochthonic detritus. The density of zoobenthos in sun-exposed sites was two to three times greater than in shaded sites. 
INTRODUCTION
Anthropogenic water bodies of various origins are numerous on the Katowicka Upland (Southern Poland), and play an important role in the formation and conservation of biodiversity in the heavily urbanised and industrialised areas where there are no natural water bodies. With time, they become habitats for numerous organisms, including some rare or threatened species. Due to their location inside the forest, these water bodies are continuously supplied with allochthonic plant material in the form of fallen leaves, which form a unique substratum for colonisation by benthic animals.
The leaves of some trees decompose very slowly, remaining as benthic detritus for many years (Allan 1998 , Benfield et al. 2001 . Temperature is higher in this detritus layer than in the bottom sediments, and the detritus, and periphyton on its surface, are a valuable food source for many freshwater invertebrates. One trait of woodland ponds is the absence of elodeid vegetation, probably a result of shading of the water surface by riparian trees. The main floristic elements are helophytes, which after death become a major source of autochthonic plant matter.
In the last decade, some articles have been published concerning freshwater invertebrates inhabiting environments characterised by fallen leaves (France 1995 , Oertli 1995 , Dangles & Guérold 2001 , Graca 2001 , Pascoal et al. 2001 , Pope et al. 2001 , Batzer et al. 2005 , and their influence on the tempo and intensity of leaf decay, as well as their value as food. However, the impact of such organic material on the composition of zoobenthos in woodland ponds is not fully known.
The aims of the present work were to identify the qualitative and quantitative structures of particular zoobenthic groups in woodland ponds, their dependence on the type of detritus covering the bottom, and on insolation intensity at particular sites.
MATERIALS AND METHODS
Data was collected from eight ponds. The studied woodland ponds, seven of which originated as sinkhole ponds and one as a sand pit, were situated inside forests in a coal mining area (Upper Silesia) in Southern Poland (Fig. 1) . Six ponds were in a protected area (Landscape Park). There were three sites at each pond, distinguished as follows:
A-shaded by waterside trees. Leaves cover the bottom of the site to varying degrees of thickness and in various stages of decay. B-exposed to sunlight. The bottom is covered by a layer of fallen leaves from trees that are growing at a distance (5-10 m) from the water's edge. C-bottom covered by the decayed remains of Typha latifolia inside a belt of rushes in sun exposed places. Samples were collected monthly, from June 2003 to May 2004. All organic surface and benthic material from within a 50 cm x 50 cm quadrat was removed and rinsed through sieves of mesh size 270 μm. During winter (January and February), all ponds froze to the bottom. In summer, ponds five dried out. This occurred in ponds seven and eight at sites with T. latifolia during October to December, making sampling impossible.
Organisms collected were preserved in 75% alcohol, except for Oligochaeta, which were fixed in Amann's lactophenole what is the standard procedure for this organisms, and in most cases identified to the family level. Plant remains were dried at 105°C until a constant weight was achieved. The number of collected animals was referred to 100 g dried mass (D.M.) of plant detritus to provide a comparable estimate of invertebrate densities at each of the three site types. Water samples were taken for physico-chemical analyses (pH, Total hardness and Conductivity) ( Table 1 ). Conductivity and pH were measured in the field using Hanna Instruments portable meters.
The number and density of benthic animals dependent on the physico-chemical parameters, and on the two types of detritus, were determined using the Pearson's correlation index. To test differences between sites, zoobenthos density data were log transformed (log10 n+1) and evaluated using one-way ANOVAs. When significant differences were apparent, a Tukey's post-hoc test was used. All statistical procedures were performed using STATISTICA (STATISTICA for Windows Ver. 8.0 software). Only relationships showing a significant difference were analysed further.
A cluster analysis was used to distinguish between the fauna present at the three site types. The dendrogram of faunistic similarities was based on the percentage of particular groups in studied sites. Euclidean distances were used in the tree clustering method. 
RESULTS
The pH values differed between ponds, and differed during the study period -considerable acidification was observed in several ponds (2, 3, 4 and 5) over certain months, especially in period from December to May in pond 4 and 5. Throughout the entire study period, pH values in pond two were approximately 5, with the exception of April, when it measured 6.2. Considerable variation in pH values were observed in ponds four and five, probably due to water fluctuations as ponds dried up in summer ( Table 1 ). The location of the ponds in a mining area may have caused high conductivity values, as in ponds five and six (Table 1 ). The ponds were characterised by varying water hardness, the lowest values (3°dH) of which were seen in ponds two and three.
The origin and location of the ponds were the main reasons for differences in the composition of the plant associations. Only T. latifolia L. occurred at all study sites (Table 2 ). In pond three, Hottonia palustris L., a rare species in Poland, was found in shady area (only in pond 3 - Table 2 ). In the other three ponds (Table 2) , Sphagnum sp., protected under Polish law, was observed.
During the study period 87,700 benthic animals belonging to nine classes were collected (Table 3) . Despite the similar age of the ponds, the number of benthic animals collected differed between habitats, Table 2 Macrophytes in the studied woodland ponds. Number of species  12  15  18  18  13  14  18  13 from 3,928 in pond five, to 10,520 in pond six. More specimens were present at sites where the bottom was comprised of a layer of allochthonic plant matter, compared to sites comprised only of T. latifolia remains (autochthonic plant matter). The number and density of zoobenthos collected from allochthonic detritus differed between sites depending on sunlight exposure, and therefore, these sites were divided into two categories -sun-exposed and shaded.
The average number of specimens collected (per 100 g D.M.) in leaf detritus from shaded sites was Table 3 The relative abundances of zoobenthos on the three types of sites in the woodland ponds: A -site with leaves from trees, shaded; B -site with leaves from trees, insolated; C -sites with Typha latifolia remains, i -imago. 177; from sun-exposed sites 565; and in T. latifolia sites, 287. The highest zoobenthos densities were observed at sun-exposed sites (B-type). In ponds four, five and seven, the greatest density was observed in T. latifolia remains (C-type) (Fig. 2) . The difference in density between insolated sites composed of allochthonic plant matter and with T. latifolia remains, and shaded sites was statistically significant (F = 38.12, p < 0.0001). No correlation between diversity and abundance of zoobenthos and the physico-chemical parameters of the water was found, except for the low pH, which significantly negatively affected the numbers of all benthic invertebrate groups (r = -0.48, n = 76, p < 0.05). In ponds two, three, four and five, where pH values were very low in some months (e.g. in March, April and May), fewer zoobenthos specimens were collected compared to ponds with a higher pH (6.0-9.0), e.g. in ponds two and five (5.9% and 4.4% of collected specimens respectively). The cluster analysis showed a similar composition of benthic invertebrate communities between each of the three site types studied (Fig. 3) . Overall, 640 specimens from the class Turbellaria, all belonging to the Dendrocoelum genus, were collected from July to September (Table 3) , mainly in allochthonic plant detritus. The highest density (23 specimens in 100 g D.M) was seen from shaded areas (A-type). Class Oligochaeta comprised 5.2% of the total material, and their abundance in all habitat types was similar -8.1% on shaded leaf detritus; 3.6% on sun-exposed leaf detritus; and on T. latifolia remains, 5.8% of all collected benthic animals. Four families were represented in the collection (Table 3 ).
The density of Oligochaeta specimens, independent of insolation, was similar in the allochthonic plant detritus (Table 4 ). The majority of specimens collected were from the families Tubificidae and Lumbriculidae, whereas on T. latifolia remains, Lumbriculidae and family Naididae were the most numerous, while Tubificidae was absent.
Specimens from the class Hirudinea comprised 5.9% of the total collected material, and were represented by three families (Table 3) . Most of these specimens were collected in summer; in autumn and winter only single individuals were found. Almost half (46.7%) of the leeches were collected from sunexposed allochthonic plant detritus, whereas only 15.2% were collected from T. latifolia remains. The most numerous families in all habitats were the Glossiphonidae and Erpobdellidae (Table 4) .
Crustacea were only represented by the family Asellidae, which comprised 2.6% of the total material. Their abundance on all substrata was similar (Table 3 ). The highest density (8 specimens per 100 g D.M.) was found in T. latifolia remains. Insecta comprised 43% of the total material collected, mostly as larvae found in similar numbers in the three habitat types. The imago (only Coleoptera and Heteroptera) were rarely found. Insects were most numerous in summer. In shaded allochthonic plant detritus and in T. latifolia remains, they made up half of the total material, and in insolated leaf detritus, about one third (Table 4 ). The densities of specimens in different habitats are shown in table 4. The most abundant insects were the Diptera larvae, particularly the family Chironomidae. Their numbers were similar between ponds but their densities differed considerably in particular habitat types (Table 4) .
Coleoptera were represented largely by Hydrophilidae, which occurred mainly in T. latifolia remains. Gastropoda (together with insects) was the most abundant group of benthos animals in the total material (Table 3) . They were represented by specimens from five families. The highest density was found in allochthonic plant detritus in sunexposed sites (B-type) (Tables 3, 4) . Only single specimens of other animal groups, such as Hydrozoa, Enthognatha and Hydracarina, were collected at each site type.
DISCUSSION
Woodland ponds are mainly small, shallow and often temporary freshwater bodies, which have rarely been the subject of hydrobiological investigations. In Upper Silesia, the woodland ponds are anthropogenic in origin, similar to most other water bodies in this area. Very little information about the benthic animals occurring in these habitats, and in particular on substrates such as detritus layers, exists. Likewise, the role of benthic animals in the decay Fig. 3 . The faunistic similarities between the three site types (A, B, C) in each of the investigated woodland ponds.
Table 4
Density of individuals per 100 g dried material (A, B, C as in Table 3 ). processes of these plant materials in water is poorly known (Palik et al. 2001 , Varga 2001 . Because of the absence of natural water reservoirs in the Silesian Upland, anthropogenic water bodies are the main refuge for freshwater animals. Situated inside the forest, they are permanently supplied with allochthonic plant matter in the form of leaves from waterside trees. This forms a unique substrate, which plays a significant role in small water bodies, mainly as an energy source (Pieczyńska 1972 , Gasith & Halsner 1976 , France & Peters 1995 , Bohman & Tranvik 2001 .
Here, the leaves of A. glutinosa and Corylus avellana decayed faster than those of Quercus sp. Welsch and Yavitt (2003) found that the remains of freshwater plants (e.g. T. latifolia) decayed much faster than the leaves of trees. The rate of leaf decay in water depends on temperature and pH, as well as leaf shape (Pope et al. 1999 , Salmoiraghi et al. 2001 , Fleituch & Leichtfried 2004 , and differs for different tree species (Gessner & Chauvet 1994) , for example the leaves of Alnus glutinosa and Acer sp. decay faster than the leaves of Fagus silvatica (Hodkinson 1975 , Salmoiraghi et al. 2001 .
At various sites, representatives of different functional feeding groups were observed. Most zoobenthic groups -leeches, crustaceans, insects and snails -were seen at their highest density in allochthonic detritus at sun exposed sites. In the same substrate type, but at shaded sites, Turbellaria and Hydrozoa were present, probably because most species in these groups avoid light and live in shaded areas between the decaying organic matter (Graca 2001) . According to Palmer et al. (1993) and Graca (2001) , allochthonic detritus can be inhabited by grazers and gatherers feeding on coarse detritus (e.g. Chironomidae, Oligochaeta or some crustaceans).
In this pond two, with a pH of 5, numerous individuals of Hirudinea and Oligochaeta were found, whereas gastropods were scant. Ephemeroptera were absent in all ponds with a low pH. The low pH values observed here were probably caused by decaying pine needles acidifying the water, mining activities, and in some ponds, by water fluctuations as they dried up in summer. Data published by Zięba (1971) on the bottom macrofauna of six small, natural woodland ponds are similar to results found here. Organisms characteristic of acidic environments, high content of humic compounds and a low content of nutrients, were present. Among the physico-chemical water properties, pH is a factor limiting mayfly, snail and leech occurrence, (Bendel, McNicol 1995) , and is the cause of their disappearance from ponds characterized by acidity and low pH (Bendel, McNicol 1991; McNicol et al. 1997) .
Numerous occurrences of scrapers (e.g. a snail feeding on periphyton) seen here on detritus exposed to sunlight, can probably be explained by greater periphyton diversity on their surface. Albarino et al. (2008) revealed that light quality and intensity affect biofilm development on decomposed leaves (fungi, bacteria, algae), reducing their quality as food for detritivore consumers. Algal biomass was 4.5% higher on leaves exposed to sunlight, whereas fungal biomass was 50% higher in shaded areas. Bacterial numbers did not vary in relation to light (Albarino et al. 2008) . The increase in bacterial biomass greatly affects the quality of autochthonous detritus, allowing access to consumers from higher trophic levels (Brum & Esteves 2001) . This is confirmed by Økland (1990) , who observed significantly poorer snail fauna in the thinner layers of plant detritus. Animals use microorganisms associated with detritus, rather than the detritus itself, as food (Mathews & Kowalczewski 1969) . Therefore, energy and nitrogen content in decaying leaves in water increases, and this process is explained as a result of leaf colonization by bacteria. It is possible that food availability determines the greater abundance of zoobenthos at sun exposed sites (B and C). The presence of grazers and collectors makes it possible for predators to occur in the detritus deposits (in this study Odonata and Heteroptera), where they are the food source.
The diversity of the substrates in these water bodies is a prerequisite for survival of various detritivores (Moore et al. 2004) . Vargo et al. (1998) found that the remains of T. latifolia are not only a considerable source of energy in water habitats, but also play a major role as a substrate for periphyton, the main food for many littoral invertebrates (Pieczyńska 1970) . Invertebrates diversity is small during spring, increases in summer and peaks in autumn (Pieczyńska 1970) . The greatest number of benthic animals feed on periphyton in summer and autumn. Allochthonic leaf detritus, covered with periphyton throughout the year, plays a similar role. Invertebrates were collected in winter on this substrate in woodland ponds. However, Solimini et al. (2003) states that in anthropogenic water bodies most invertebrates inhabit the remains of T. latifolia and Phragmites australis.
Here it has been shown that the type of organic matter and exposure to sunlight plays an important role in habitat creation for different benthic invertebrates. Because of their location inside the forest, and as a result of their isolation from other water bodies, they may be habitats for rare, threatened or even endemic plant and animal species (Collinson et al. 1995 , Bonner et al. 1997 , Nicolet et al. 2004 ). As such, the conservation value of woodland freshwater bodies, which are, for example, the sole habitat for amphibians to breed in forested regions, should lead to them being protected areas (Bonner et al. 1997 , Calhoun et al. 2003 .
